T he characteristics of adult patients with chronic active EpsteinBarr virus infection are poorly recognized, hindering early diagnosis and an improved prognosis. We studied 54 patients with adult-onset chronic active Epstein-Barr virus infection diagnosed between 2005 and 2015. Adult onset was defined as an estimated age of onset of 15 years or older. To characterize the clinical features of these adults, we compared them to those of 75 pediatric cases (estimated age of onset <15 years). We compared the prognosis of adultonset chronic active Epstein-Barr virus infection with that of patients with nasal-type (n=37) and non-nasal-type (n=45) extranodal NK/Tcell lymphoma. The median estimated age of onset of these lymphomas was 39 years (range, 16-86 years). Compared to patients with pediatric-onset disease, those in whom the chronic active Epstein-Barr virus infection developed in adulthood had a significantly decreased incidence of fever (P=0.005), but greater frequency of skin lesions (P<0.001). Moreover, hypersensitivity to mosquito bites and the occurrence of hydroa vacciniforme were less frequent in patients with adultonset disease (P<0.001 and P=0.0238, respectively). Thrombocytopenia, high Epstein-Barr virus nuclear antigen antibody titer, and the presence of hemophagocytic syndrome were associated with a poor prognosis (P=0.0087, P=0.0236, and P=0.0149, respectively). Allogeneic hematopoietic stem cell transplantation may improve survival (P=0.0289). Compared to pediatric-onset chronic active Epstein-Barr virus infection and extranodal NK/T-cell lymphoma,
Introduction
Epstein-Barr virus (EBV) generally infects almost all people by early adulthood. Although EBV infection in childhood is asymptomatic in most people, some develop infectious mononucleosis (the so-called "kissing disease"). Almost all of them recover spontaneously after EBV-specific immunity is established. 1 In addition, EBV has been reported to be involved in transformation from reactive to neoplastic or abnormal proliferation in some immunocompetent hosts after it infects B cells, T cells, and natural killer (NK) cells. This results in a wide range of conditions known as EBV-associated lymphoproliferative diseases (EBV-LPD), 1, 2 including chronic active Epstein-Barr virus infection (CAEBV), which produces infectious mononucleosis-like symptoms such as chronic persistent or recurrent fever, lymphadenopathy, skin rash, liver dysfunction, and hepatosplenomegaly, and has been reported to have a high mortality rate. [3] [4] [5] In CAEBV, EBV-infected T cells and NK cells play important roles. Hypersensitivity to mosquito bites, the presence of hydroa vacciniforme (HV), high EBV-related antibody titers, and a high EBV-deoxyribonucleic acid (DNA) copy number in peripheral blood have been reported to be characteristic of CAEBV; however, there is often no discernable immunological abnormality, or history thereof until the patient has been diagnosed, at which point symptoms have rapidly progressed. [6] [7] [8] Although the mechanism of onset is still unknown, CAEBV is thought to progress to an EBV-associated T/NK-cell lymphoproliferative disorder by clonal expansion of T cells or NK cells infected with EBV. 9 In addition, CAEBV can have potentially fatal complications such as hemophagocytic syndrome, interstitial pneumonia, malignant lymphoma, myocarditis, and central nervous system infiltration. 4, 7, 10, 11 This entity is currently defined as systemic EBV-positive T-LPD of childhood because almost all diagnoses are made in pediatric patients. 12, 13 However, similar clinical conditions have also been reported in adults (EBV-T/NK-LPD with CAEBVlike features in adult; adult-onset CAEBV). 14, 15 Most pediatric patients with EBV-T/NK-LPD show symptoms of CAEBV, although lymphomas are rarely observed. 16 Conversely, adult-onset EBV-T/NK-LPD shows very diverse clinical manifestations, such as extranodal NK/T-cell lymphoma (ENKTL) and aggressive NKcell leukemia (ANKL), which both follow a relatively rapid clinical course. CAEBV, however, has a chronic clinical course. In cases in which there is clonal expansion due to CAEBV, it may be difficult to distinguish it pathologically from ENKTL without detailed clinical information. A thorough medical interview and careful examination by physicians are, therefore, very important for the diagnosis of adult-onset CAEBV. However, because of its rarity, the clinical features of adult-onset CAEBV have been poorly detailed, and there is no consensus as to whether there are clinical differences between adultonset and pediatric-onset CAEBV.
The purpose of this study was to characterize the clinicopathological features of EBV-T/NK-LPD with CAEBVlike features in adults (adult-onset CAEBV) by comparing the features to those of patients with pediatric-onset CAEBV and ENKTL. In addition, we compared the prognosis of adult patients with CAEBV to that of patients with ENKTL.
Methods

Patients
We enrolled 54 patients who were diagnosed with adultonset CAEBV at the Department of Pathology, Kurume University between January 2005 and December 2015. Patients with adult-onset CAEBV were defined as those whose estimated age at onset was 15 years or older, and who met the criteria for the diagnosis of systemic EBV-T-LPD of childhood according to the 2008 and 2016 World Health Organization (WHO) classifications of lymphoid neoplasms. 12 Consequently, patients with pediatric-onset CAEBV were defined as those with an estimated age at onset of less than 15 years. All patients with CAEBV satisfied the following diagnostic criteria, based on the previous report by Kimura et al. 17 (with the exception of EBV-DNA viral load, which was measured in plasma in this study as previously reported 18 ): (i) sustained or recurrent infectious mononucleosislike symptoms lasting more than three months: fever (≥38.3ºC or ≥101ºF), liver dysfunction (elevated liver enzymes), lymphadenopathy, hepatosplenomegaly, cytopenia, interstitial pneumonia, hydroa vacciniforme, and hypersensitivity to mosquito bites; (ii) increased quantities of EBV in affected tissues [i.e. detection of EBV-DNA in tissues or peripheral blood by Southern blot hybridization, or EB-encoded small RNA 1 (EBER)-positive cells detected in affected tissues by microscopy (≥10 cells/high power field)], or in peripheral blood [i.e. EBV-DNA detected in plasma (≥2×10 2 copies/mL in plasma)]; and (iii) no evidence of any previous immunological abnormalities or any other infections that could otherwise explain the condition. We confirmed negativity for human immunodeficiency virus antibody and human T-cell lymphoma virus 1 antibody in all patients. Hemophagocytic syndrome was diagnosed according to the HLH 2004 guidelines; 19 all patients with hemophagocytic syndrome met the study criteria.
This study was carried out in accordance with the recommendations of the Declaration of Helsinki and was approved by the ethics review committee of Kurume University (approval number: 291).
The methodological details regarding determination of the EBV-DNA viral load in peripheral blood, 18 Southern blot hybridization, 8, 20 T-cell receptor gamma gene rearrangement, 21, 22 in situ hybridization for EBER, 21 histology and immunophenotyping, 9 determination of EBV-infected cell type, 6, 22 and statistical analysis 23 were based on previous reports, as described in the Online Supplementary Appendix. adult-onset chronic active Epstein-Barr virus infection had a poorer prognosis (P<0.001 and P=0.0484, respectively). Chronic active Epstein-Barr virus infection can develop in a wide age range, with clinical differences between adult-onset and pediatric-onset disease. Adult-onset chronic active Epstein-Barr virus infection is a disease with a poor prognosis. Further research will be needed.
Epstein-Barr virus-DNA viral load in peripheral blood
A peripheral blood sample was obtained from each patient at diagnosis, in order to investigate the viral load by real-time quantitative polymerase chain reaction. A positive result was defined as an EBV-DNA viral load of ≥200 copies/mL, as previously reported.
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Comparison of clinical features with pediatric-onset chronic active Epstein-Barr virus infection and extranodal NK/T-cell lymphoma
To compare the clinical symptoms and prognosis of adult-, and pediatric-onset CAEBV, data from 75 patients younger than 15 years who developed CAEBV were extracted from the previously 
Hypersensitivity to mosquito bites, n (%) 4 (7. 17 The clinical features of all 75 patients are shown in Online Supplementary Table S2 .
Furthermore, 82 patients, who were diagnosed with ENKTL at our institution according to the WHO classification were used for the prognostic comparison. 12 These patients' clinical features are shown in Online Supplementary Table S3 . ENKTL cases were divided into "nasal-type" (n=35) and non-nasal-type (n=47), according to the anatomical sites of the lesions
Results
Clinical characteristics of patients with adult-onset chronic active Epstein-Barr virus infection
The clinical characteristics of all patients with CAEBV are summarized in Table 1 . Detailed characteristics including estimated age at onset, EBV-related antibody titers, EBV-DNA copy number in plasma, T-cell receptor gamma rearrangement status, EBV Southern blot analysis, EBERpositive cell counts, histological classification, treatment, and outcome of the 54 patients with CAEBV are presented in Online Supplementary Tables S5-S8 .
The median period from estimated onset to diagnosis was approximately 12-24 months (range, 3->120 months). Figure 1 shows the periods from the estimated onset to the diagnosis of CAEBV and discontinuation of observation, which was more than one year in most cases. The median age at diagnosis was 39 years (range, 16-86 years). The number of cases by age at onset is shown in Online Supplementary Figure S2 . The onset of CAEBV was observed at all ages. However, as the age distribution of adult-onset CAEBV appeared to be bimodal, we also investigated the clinicopathological factors of CAEBV patients diagnosed at ≥50 years of age. In EBV-infected cells, lymphadenopathy was significantly more frequent in patients with the T-cell type (P=0.0202), whereas those Adult patients with chronic active EBV-like features haematologica | 2018; 103(6) with the NK-cell type had significantly more skin lesions (P=0.0119). A comparison of the clinicopathological features of CAEBV with nodal lesions versus CAEBV with extranodal lesions is shown in Online Supplementary Table  S2 . There were no clinicopathological differences between adult-onset CAEBV with nodal lesions and those with extranodal lesions. In addition, the anti-viral capsid antigen (VCA)-IgM antibody tended to be low or less than the level of detection. The median count of EBER-positive cells was 53 per high power field (range, 2-487), and 86.3% (44/51) of the cases showed ten or more positive cells per high power field. Furthermore, 97.3% (36/37) of the cases had ≥10 2 EBV copies/mL, and only 2.7% (1/37) had levels below that of the level of detection (2×10 2 copies/mL). 
Clinicopathological analysis of patients diagnosed at over 50 years of age with chronic active Epstein-Barr virus infection
The clinical characteristics of CAEBV patients diagnosed at over 50 years of age are presented in Table 2 . Eight out of 9 cases (88.9%) showed EBV monocolonality by Southern blot analysis. However, in our study, there was no difference in clinical features between all CAEBV cases and those aged over 50 years. Furthermore, as shown in Online Supplementary Figure S4 , we performed a prognostic analysis based on the log-rank test by comparing CAEBV in patients aged 50 years or older and those under 50 years. However, there was no difference in overall survival between these two groups (P=0.922).
Adult patients with chronic active EBV-like features haematologica | 2018; 103(6) 
Comparative analysis of clinical features of adult-onset and pediatric-onset patients
Comparison of clinical features of adult-, and pediatriconset patients is shown in Table 3 . Patients with adultonset CAEBV had a significantly lower frequency of fever, and more frequent occurrence of skin lesions (erythema), compared to pediatric-onset patients (P=0.005 and P<0.001, respectively). Hypersensitivity to mosquito bites and hydroa vacciniforme were also statistically less frequent in patients with adult-onset CAEBV (P<0.001 and P=0.0238, respectively). As regards laboratory results at initial diagnosis, while elevated liver enzymes were more frequently observed in patients with pediatric-onset type CAEBV (P<0.001), hemophagocytic syndrome was observed in bone marrow biopsies in patients with adultonset CAEBV (P=0.0073).
Indicators for predicting prognosis of patients with adult-onset chronic active Epstein-Barr virus infection
We searched for indicators to predict prognosis at initial diagnosis because at that stage, there is no indication of the severity of CAEBV disease progression.
In log-rank test analysis (Figure 2A -E), thrombocytopenia (platelet count <100×10 9 /L), EBNA antibody titer ≥40, and the presence of hemophagocytic syndrome at initial diagnosis were associated with a poor prognosis (i.e. decreased overall survival; P=0.0087, P=0.0236, and P=0.0149, respectively); however, type of infected cell and histological classification were not prognostic factors for overall survival (P=0.587 and P=0.822, respectively). In terms of treatment for CAEBV, although many cases were initially treated with various chemotherapeutic regimens (Online Supplementary Table S8) , allogeneic hematopoietic stem cell transplantation (HSCT) was found to be the most effective treatment for improving survival (P=0.0289) ( Figure 2F and Online Supplementary Figure S3) .
In both univariate and multivariate analyses for predicting overall survival, log-rank tests yielded similar results (Table 4) . Age (> 60 years), high-risk Performance Status (2-4), type of infected cell, elevated lactate dehydrogenase level, number of EBV-DNA copies in peripheral blood, EBER-positive cell counts per high power field, and EBV detected by Southern blot using a terminal repeat probe were not prognostic factors in univariate analysis. 
Statistical comparison of overall survival
We compared the overall survival between pediatriconset CAEBV and ENKTL. Overall survival of patients with adult-onset CAEBV (n=54), pediatric-onset CAEBV (n=75), and ENKTL (n=82) is depicted in Figure 3 . Adult-onset CAEBV had a poorer prognosis compared to both pediatriconset CAEBV and ENKTL (P<0.001 and P=0.0484, respectively). Even when survival rate was stratified by allogeneic HSCT, significant differences in prognosis were observed between adult-onset and pediatric-onset CAEBV (P<0.001) (Online Supplementary Figure S3) . Furthermore, the prognosis for non-nasal-type ENKTL and adult-onset CAEBV appeared to be comparable (P=0.972) (Figure 4) .
Discussion
In the present study, we analyzed 54 patients with adult-onset CAEBV meeting the diagnostic criteria outlined in the Methods section. Non-nasal-type ENKTL, ANKL, and cytotoxic-type and EBV-positive peripheral Tcell lymphomas not otherwise specified (PTCL-NOS) did not meet the diagnostic criteria. As the clinical stage progresses, adult-onset CAEBV may eventually show findings similar to those of malignant lymphomas such as ENKTL, ANKL, and cytotoxic-type and EBV-positive PTCL-NOS. However, it is critical to diagnose CAEBV as early as possible, before fatal complications, such as hemophagocytic syndrome and malignant lymphoma, have developed. The present study showed that adultonset CAEBV is more weakly associated with some characteristics, such as hypersensitivity to mosquito bites and hydroa vacciniforme, compared to pediatric-onset CAEBV. Although it appears that adult-onset CAEBV overlaps clinically with ENKTL, ANKL, and PTCL-NOS (cytotoxic-type and EBV-positive), many CAEBV cases were diagnosed only after progression to malignant lymphomas. In addition, histopathological analysis alone may make it difficult to differentiate among these diseases; however, CAEBV may be considered symptomatically and clinically completely different because of its unique symptoms.
Of the patients diagnosed with adult-onset CAEBV in this study, 18 (33.3%) were diagnosed with malignant lymphoma (ANKL, ENKTL, and EBV + PTCL-NOS) at the time of diagnosis of the CAEBV. When the clinical course of the disease showed the presentation of CAEBV symptoms for diagnosis, the cases were considered to have developed malignant lymphomas during the clinical course of CAEBV. In our analysis, adult-onset CAEBV had a poor prognosis even in cases in which malignant lymphoma has not developed at the time of diagnosis. Simple diagnostic criteria are considered to be necessary because adult-onset CAEBV requires active treatments including HSCT. Epstein-Barr virus infection has been considered to be a cause of fever of unknown origin in adults (apart from infectious mononucleosis) and there are some reports describing adult-onset CAEBV not only in Asia, but also in the USA and other regions. 24, 25 This suggests that adultonset CAEBV is an important disease entity to consider in the differential diagnosis of fever of unknown origin, in addition to previously known diseases. Although the clinical features of adult-onset CAEBV were unclear, we found that CAEBV can develop at any age. Although EBVpositive, nodal, and cytotoxic-type PTCL-NOS have been reported to have a poor prognosis, 26 there were no clinicopathological differences between adult-onset CAEBV with nodal lesions and those with extranodal lesions in the present study (Online Supplementary Table S4 ). This result suggests that CAEBV has a different background from PTCL-NOS. Furthermore, although we could not compare the clinical features in detail, we did compare the prognosis between patients with nodular EBV+PTCL-NOS and CAEBV with nodular lesions and found no statistical difference in prognosis (P=0.143) (Online Supplementary Figure S5) . Patients with CAEBV with nodal lesions tended to have a poor prognosis. In the future, we intend to clarify the concepts in these diseases by accumulating more cases.
In this study, EBV-DNA copy number in peripheral blood plasma was detectable (≥2×10 2 copies/mL) in 97.3% of the cases, and ten EBER-positive cells per high power field were observed in 86.3%, suggesting that these tests may also be useful for diagnosing CAEBV in both adult and pediatric patients. 17 Since many cases with low EBVrelated antibody titers were observed, it was suggested Adult patients with chronic active EBV-like features haematologica | 2018; 103 (6) 1025 When extranodal NK/T-cell lymphoma, nasal type (ENKTL) was divided into "nasal type" and "non-nasal type" according to the anatomical sites of development, there was no statistical difference in prognosis between non-nasal type ENKTL and adult-onset chronic active Epstein-Barr virus infection (P=0.922).
that direct verification of increased quantitative EBV values may be important for diagnosis. If EBV infection in T cells or NK cells and an increase in plasma EBV-DNA level are proven, it may be necessary to diagnose CAEBV. Many differences in the clinical features between adultonset, and pediatric-onset type CAEBV were elucidated. As for other infectious diseases, there was a lower frequency of fever in adult-onset CAEBV, than in pediatriconset CAEBV. 27 The frequency of skin lesions was higher in the adult-onset type, while hypersensitivity to mosquito bites and hydroa vacciniforme were significantly much less frequent in adult-onset CAEBV than in pediatric-onset CAEBV. Although there was a difference in the appearance of skin lesions between adult-onset and pediatriconset CAEBV, it is not known whether this could be explained only by the difference in age at onset. It should be noted that many patients with adult-onset CAEBV do not have a history of hypersensitivity to mosquito bites and hydroa vacciniforme, despite these symptoms having been thought to be clues to the diagnosis of CAEBV.
Adult-and pediatric-onset CAEBV may constitute a continuous spectrum because the diagnostic criteria for adult-onset CAEBV in this analysis were the WHO criteria for "Systemic EBV positive T-cell lymphoproliferative disorders of childhood". Comparing clinical features, CAEBV patients over 50 years old were considered to share the pathogenesis with that of their young and adult-onset counterparts. However, the clinical and molecular details are still unknown. In this analysis, we did not perform molecular biology to investigate the common features. In future, we would like to investigate whether the molecular background of adult-and pediatric-onset CAEBV is the same.
This study suggests that thrombocytopenia, high EBNA antibody titer (≥40), and the presence of hemophagocytic syndrome at the initial diagnosis of CAEBV are prognostic factors in adult patients, as previously reported in children and young adults, and further suggested to be indicators for aggressive therapeutic intervention including allogeneic HSCT. 17, 28 It has been reported that patients with clinically aggressive CAEBV have a high level of expression of EBNA-1; 29 this report may support our results. It has also been reported that treatment with EBNA-1-specific T cells may be effective. 30 This may be a treatment option for CAEBV patients with high EBNA antibody levels. Conversely, no difference in prognosis was detected depending on the type of cell infected by EBV in patients with adult-onset CAEBV, which contradicts previous findings in children and young adults. 6, 17 Precursor T cells are reported to have the potential to differentiate into NK cells, suggesting that phenotype could be changed. 31 Moreover, it has been proven that a single EBV clonotype can infect multiple NK-cell and T-cell subsets. 32 The identification of infected cells in patients with adult-onset disease may not be very important. In this study, there were 2 patients who did not express cytotoxic molecules such as TIA-1 and granzyme B from their T cells, as determined by immunohistochemistry. Although we could not further characterize the clinical features of these cases because of their small number, further studies are necessary to determine the significance of EBV-infected cells. In addition, there were no differences in prognosis among the three histological classifications (A1, A2, and A3). 9 Regardless of histological category, this study suggests that treatment including allogeneic HSCT is the cure for CAEBV. Although allogeneic HSCT has been reported to be effective, 6, 15, 17 there is still controversy about when the transplant should be performed and further research is, therefore, needed.
Genetic analysis by next-generation sequencing is a very important issue in order to evaluate subtypes and different genetic abnormalities which result in CAEBV. According to the results of genetic analysis of terminal repeats of EBV, since it was suggested that CAEBV in the early stage has a polyclonal state, genetic analysis by sequencing was not necessarily valid. 9 Although other research groups have detected genetic abnormalities, such as those of the T-cell receptor β repertoire and perforin, 33, 34 these genetic abnormalities are not useful for explaining the development and mechanism of progression of CAEBV. In situations in which the actual condition of the disease is unclear, we believe it is important to recognize that there are various types of disease. Next-generation sequencing to analyze the genetic landscape of CAEBV will be necessary and important in the future.
It has been suggested recently that the development of EBV-related lymphoproliferative diseases could be related to an immune escape mechanism in the programmed death 1 (PD-1)/programmed death ligand 1 (PD-L1) pathway. 35, 36 In fact, it has been reported that an anti-PD-1 monoclonal inhibitor is effective in Hodgkin lymphoma and ENKTL. [37] [38] [39] The existence of such an immune escape mechanism in CAEBV is presumed. Unfortunately, it was impossible to investigate the immune background of the EBV infection in the present study because of a lack of specimens. With further accumulation of cases, we hope to investigate the immune response against EBV infection in the future, and examine the differences in immunological background between patients with CAEBV and healthy individuals.
Almost all of the Asian cases have a T-cell or NK-cell origin. 17 In contrast, the most common type of CAEBV in the USA originates from B cells. 28 There may be racial differences in susceptibility to EBV infection and host immunity. In the future, it will be necessary to clarify these genetic backgrounds. In the present study we confirmed that adult-onset CAEBV has a poorer prognosis than ENKTL. Although adult EBV-positive T/NK-cell LPD includes various lymphomas, such as ENKTL and EBV-positive PTCL-NOS, 12 we found that CAEBV needs to be distinguished by detailed interview and medical history because of the differences in prognosis and treatment strategies. However, at present, CAEBV and ENKTL can only be distinguished by differences in their clinical courses, given that differences in biological mechanisms of action are not known. Although it is thought that a simple prognostic comparison should not be performed because the treatments are quite different, the present study showed there was no statistical difference in the prognosis between non-nasal type ENKTL and adult-onset CAEBV. In fact, there was a report in which it was difficult to distinguish between the two diseases. 40 In future, further research is necessary to establish novel testing methods to improve the differential diagnosis of these two diseases.
The reasons why adult-onset CAEBV has a poor prognosis may be as follows: (i) recognition of adult-onset CAEBV by physicians is poor, so the condition is often regarded as an unknown fever; (ii) remissions and exacerbations recur for a long period; (iii) treatments are performed after systemic conditions worsen and/or lifethreatening complications develop, including hemophagocytic syndrome; (iv) not much is known about the pathobiology; and (v) there is no fundamental treatment.
The accumulation of more cases may help in the recognition of adult-onset CAEBV by revealing the clinical features and elucidating the mechanisms of the molecular pathogenesis.
The following proposed diagnostic criteria for adultonset CAEBV are very simple and are based on the pediatric-onset disease: (i) several symptoms of infectious mononucleosis are present, such as fever, lymphadenopathies, and hepatosplenomegaly; (ii) exacerbation and remission of symptoms repeat within a certain period; (iii) proven EBV infection in T cells or NK cells in the affected lesions. Hydroa vacciniforme or hypersensitivity to mosquito bites are not essential for the diagnosis, as these symptoms are present in only approximately 30% of cases, even in pediatric-onset CAEBV. The foregoing criteria may help the timely diagnosis of adult-onset CAEBV.
Although there were clinical differences between adultand pediatric-onset CAEBV, we confirmed that CAEBV is a disease with a varying age of onset. In addition, the prognosis of adult-onset CAEBV appears to be very poor. Therefore, a prescise, early diagnosis and appropriate treatment strategies are critical for adult patients.
